A method for calculating the liver blood flow by means of the rate of disappearance of colloidal chromic phosphate from the blood has been reviewed. This method has been applied to the study of liver circulation in a group of 29 fasting normal men. The significance of the colloid disappearance rate constant as a physiologic expression of the liver blood flow has been discussed and the average value obtained for this constant in normal young men was 0.287 i 0.007 min. normal young men. Following the intravenous injection of 5.0 ml. of colloidal chromic phosphate containing 2 to 4 microcuries* of p32, 5.0 ml. serial blood samples (arterial, venous, or both) were taken at frequent intervals. Simultaneous blood volume measurements were made by adding 17 mg. of the blue dye T-1824 to the injection. After collection of the samples, the P32 activity of 2.0 ml. aliquots of whole blood was determined with a GeigerMuller counter. The T-1824 concentration was determined spectrophotometrically in the plasma of the remaining 3.0 ml. of the samples.
A method for calculating the liver blood flow by means of the rate of disappearance of colloidal chromic phosphate from the blood has been reviewed. This method has been applied to the study of liver circulation in a group of 29 fasting normal men. The significance of the colloid disappearance rate constant as a physiologic expression of the liver blood flow has been discussed and the average value obtained for this constant in normal young men was 0.287 i 0.007 min.-' Extra hepatic colloid localization, hepatic efficiency for colloid removal, speed of mixing, and type and time of sampling have been discussed. U TA-NTIL RECENTLY the measurement of the circulation of blood through the liver in humans has been hampered by technical difficulty. The impetus given by the advent of intravascular catheterization has aided the problem of liver circulation measurement, and this technic in conjunction with bromsulfalein and urea excretion has been utilized extensively by Bradley and coworkers," 2 by Myers,3 and by Sherlock and associates.' Simplification of the measurement of liver circulation is afforded by a method developed 0in this laboratory by which the rate of disappearance of colloid is determined. METHOD A complete discussion of this method has been given elsewhere by Dobson and Jones.5 Briefly, however, the method consists of measuring the removal rate of colloid particulate matter from the blood stream by the phagocytes of the liver and spleen. In the present study, the disappearance rate of colloidal chromic phosphate labelled with the radioisotope P3'2 was measured in a group of fasting, From N7onr-295/4. 690 normal young men. Following the intravenous injection of 5.0 ml. of colloidal chromic phosphate containing 2 to 4 microcuries* of p32, 5.0 ml. serial blood samples (arterial, venous, or both) were taken at frequent intervals. Simultaneous blood volume measurements were made by adding 17 mg. of the blue dye T-1824 to the injection. After collection of the samples, the P32 activity of 2.0 ml. aliquots of whole blood was determined with a GeigerMuller counter. The T-1824 concentration was determined spectrophotometrically in the plasma of the remaining 3.0 ml. of the samples.
Calculations
The colloid concentration of the samples is measured by the incorporated p32 activity. When this is plotted on semilogarithmic paper as a function of time, a curve is obtained whose initial portion, following a rapid rise due to mixing, is straight. The duration of the straight portion varies between a and 10 minutes ( fig. 1) Both arterial and venous ratios are plotted as a function of time. The venous curve is derived from the same data as are presented in figure 1. The use of the ratio simply amounts to increasing the first venous sample in figure 1 by a factor of 9, the second sample by 43 per cent and the third sample by 12 per cent as the extent of dilution of the dve indicates.
The arterial disappearance curve (omitted from fig. 1 ) had an initial slope of 2.1 minutes. Note that the use of the ratio has brought the arterial and venous half-times into nearly perfect agreement.
Subject RIC. shown to be true in the mammalian species mentioned above. The method of preparation of the colloid results in a heterogeneous mixture of particle sizes. Very small particles, amounting to about 0.5 per cent of the total P32 activity injected, have been shown to be responsible for the tail portion of the disappearance curve which follows the initial straight line portion ( fig. 1 ). Although the liver is highly efficient in removing large particles, it presumably is poorly efficient in removing these very small particles. The over-all efficiency is probably about 90 per cent.5
Although the complete curve has been shown to be a multicomponent exponential one,5 disregarding the slower components and simply using the initial slope produces only a small error. This is true because of the small conare used for such measurement. Mixing times have been determined from the simultaneous use of T-1824 with the chromic phosphate injection. Early points before mixing is complete are then disregarded when the disappearance slope is determined. Dye levels which and 10 minutes. Greatly prolonged mixing times may introduce serious difficulty in determining the initial slope.
An attempt has been made to correct for mixing influences by expressing the sample data as a ratio of chromic phosphate concentration to T-1824 concentration. When points are plotted using this ratio, a curve is obtained in which the rapid rise due to mixing is eliminated ( fig. 2) . The general features of this ratio curve are: (1) an initial horizontal portion which represents a lag period between the time of injection and the time of arrival at the sampling site of labelled blood which has perfused the liver; and (2) a logarithmic slope which is equivalent to the straight portion of the plain chromic phosphate disappearance curve previously described ( fig. 1) 8.5 per cent of his body weight, a 75 Kg. man would have 6.4 liters of blood. Of this volume, 28.7 per cent or 1.8 liters will pass through the liver per minute. The average value for the blood volume obtained from measurements of labeled red blood cells summarized by Berlin and Lawrence7 is 6.9 per cent of the body weight. This value may be preferable to the T-1824 value; when this value is used rather than the 8.5 per cent obtained from the T-1824 dye measurements in our study, the liver blood flow in the example cited becomes 1. The ratio (CrPO4/T-1824) curves as already shown in figure 2 present an initial horizontal portion. The duration of this lag probably represents the summation of the arm-to-arm circulation time and the time of splanchnic transit. The slope following the initial lag represents the rate of disappearance of colloid from the labeled blood pool, which is constantly expanding during the mixing period, and consequently might be expected to show a changing slope. The magnitude of this change should be a function of the relative magnitudes of the cardiac output and the circulating blood volume. The data obtained in this study do not uniformly show a changing slope possibly because in the normal individuals investigated, differences between the magnitude of cardiac output and circulating blood volume were not sufficiently great. Furthermore, any minor differences that may have existed would tend to be obscured by rapid mixing. SUMMARY 1. A method for calculating the liver blood flow by means of the rate of disappearance of colloidal chromic phosphate from the blood has been reviewed.
2. This method has been applied to the study of liver circulation ill a group of 29 fasting normal men.
3. The significance of the colloid disappearance-rate constant as a physiologic expression of the liver blood flow has been discussed.
4. The average value obtained for k in the normal group studied was 0.287 + 0.007 minute-'. Depending upon the value accepted for the blood volume this will give a liver blood flow of from 1.5 to 1.8 liters per minute.
5. Extrahepatic colloid localization, hepatic efficiency for colloid removal, speed of mixing, and type and time of sampling have been discussed.
SUMARLO ESPAIS OL tin metodo para calcular la (circulacioii hepatica por medio de la velocidad de desaparicion de fosfato cromico (oloidal de la sangre se describe. Este metodo se ha aplicado al estudio
